Diffusion Spectrum Imaging:
a brief intro

Van Wedeen
van@nmr.mgh.harvard.edu



DTI tractography - HBM Paris 1995
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Water dittusion assessed by MR accuraiely poteays the [ocal maervial anisotrogy of Tiving tasne. To
the CNE, ML of diffuston anisotropy can provide dramatic images of the oventation Gebds of
cerchral white matter,  In erder o ciap onreanatonie connoctivity. we bave investigated the
feanbilicy of deducing from thase o iew ation ficlds the large seale trajectorics of corebiral whine maiter
IThel,

Futalve while maller tracts wers detined by numerical intesgrabion of the diffusion snisolrpy lensor
Fald. Twao approachies wene investipatsd. The Tt approach posiolates lher vaces puralla] with be
principal arieniation of diffusivity al each lecalion, Then lher posilion x®(z, e e | [L2,3], will
alialy the et vrdenr ehlTerential equalzon:

daidr 2 ep(x) v ® ) =10 1L}
whers gy deroiss the maximal eigenvahie of the ditfusion easor and © s its espestive et 2envecnor.
The sign arnbiguity of Tap. [T 15 rekolved Tvy an arhirary, ot locally consistear, choice. The seeond
apprizach considess the distance i Gissue delined by the mean ditfusien tmcs between points. This
distance defmes a {non-Tluclideun} peometey ia which the role of 2 meric eusee is played by the
nepave of the diffusion wensor, anl 105 namral to posmlate thae Jiner races e the minimial paths
Detwesn points. Suck: paihs satisiyr the second order peodesic equation:

AT + L (AT = O [2a)
will repeited indioss swmimed, where T eopresenns te conncction eoetticients of I = g

[V = 102 (0 1yHE (oD pfonf + aDu-:ul'a!ﬁ + a0 p/exi) 120,
B, 127 mawy e selved piven an inidal point X% and 6o initial sops drsid.
Resnlls
Filwe wacts seconstiucted via Eq. | 1] were in good agree-
ment with koewn anatowy. Fig 1 shows fibers of the lefl
corond ot tracked fron: diencephalen to codical mantls:
tibor data s superposed upon parasagittal magminds MET;
might is rostral,
Sontion of the geadesie Ty, {2a-2b] ks less b, Tnodhe




Wendell Krieg 1963 - human white matter by dissection
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Figure z47. Svice Reconstrucrios oF Hunian Ceresruat. §G.
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Diffusion MRI - tissue structure Is traced by 3D patterns

of water diffusion
1994 diffusion tensors show average fiber directions

diffusion tensor

)
W
A
| 1 A
7 |
|
L5 | * |
| |
/i -'I | il [
Y ’ 1y
b ' ' "
’
) I‘ ' i
‘g [
' III ”
A
1224
|
i JIJI’ ;
’ /! ;, l’
J i LA
, ’,f . .r/ "
I ! .




DTI tracography of the myocardium




Water diffusion traces tissue fiber structure
2000: diffusion spectrum MRI (DSI) resolves the crossings

diffusion spectrum
brain tissue




DTI. 7 g-samples, recon with tensor fit
DSI: 500 g-samles, recon with 3DFT







Why DSI not DTI?

flbers
diffusion observed
tractography
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human pons in vivo 3T

ODFs and tracks



DSl tractography - Pons normal human subject in vivo
middle cerebellar peduncle - red
corticospinal tract - blue

3T DSI SE 3500/96
2.6mm b,_... 8500 53min
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Optic chiasm

Figure 3.6. The Functional Anatomy of the Optic Nerves, Chiasm and Tracts to the Geniculate Body

(It is suggested that the reader starts by reading all the Anterior clinoid process
captions 1o get a general idea of what happens and

why. Then individual quadrants of visicn, and their
pathways should be followed right through from

retina to geniculate body. Finally an attempt to work

out the effect of lesions at ditferent points can be made
and checked against the field defects shown in subsequent
figures)

Fibres conveying
upper temporal
fibres cross low
in chiasm h ; P The upper temparal fibres loop forward

- {See Figure 3.12) - . ; into the opposite optic nerve. Pressure
Upper and lower e T ¥ _here causes not only a blind right eye,
nasal fibres 2 : BN, . " buta-small cut in the upper temporal

7 \ — field of the Yeft eye (the anterior Fibres sub-serving
Macular . e B X e chiasmal syndrome) macular vision
vision e ’ : /oocupv most of the

central area of
90" rotation Optic tract %the geniculate body
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Upper and lower

ternporal fibres = n
ibres conveying

/ \ . / - X lower temporal
Note. The macular - 7 2 = X ™ o ) fields, cross in
fibres move to the ol T = D "+ “4 the chiasm high | Geniculate body in—" :
centre of the / & ol =i ‘9 and posterior 6 layers numbered  The lower left field of vision of the
nerve as the The lateral fibres =7 - R il e 5 ; (See Figure 2.12)| 1 — 6 from below  left eye (i.e. the temporal field of
papillomacular conveying the naghl : 5 - = T upwards that eye) project on to layers 1.4
bundle fields do not crogs £ : ' AR ) and 6. The lower field of vision to
in the chiasm ~ Xo v the left of the right eye (i.e. its
1 : ) lower nasal field) project on to
Macular fibres .~ | e ' ! . P layers 2.3 and b. Thus fibres from
decussate centrally [/ Y T ' corresponding points of the retinae
in the chiasm ; S Y N 1 N come to adjacent positions in the
% : o R, geniculate body

In the optic tract the fibres serving the identical point of each of the
two retinae have to come together. The exact relationship is
established in the geniculate body, but a preliminary shiﬁ of fibres to
bring both upper and lower fields together is accomplished by a 90°
inward rotation in the tract (see above). This brings both lower fields
medially and both upper fields laterally in the tract. Due to the
rotation, pressure on the tract produces incongruous field defects
(see discussion and Figure 3.15); and later a complete homonymous
hemianopia
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Macaque DSI and isotope gold standard
Muratoff bundle in context

Pandya & Schmahmann




Rat DSI paths of a saggital slice




Owl monkey DSI - 3D paths of 1 slice




D3I pathways of macaque
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Cat DSI

Takahasi et al ISRMR 2008
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Principles of organization common to all cortical areas
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Connectional neuroanatomy with diffusion spectrum imaging
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Connectivity of human superior frontal gyrus
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Connectivity matrices

Cocomac
database

Sporns et al PLoS Biol 2008 in press




DSI In vivo human human connectome
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Hagmann et al PLoS Biol 2008




